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(54) Title; REAGENT AND METHOD OF ITS USE 

(57) Abstract < 

Reagent ooinpo aition systems useful in an oscil* 
latlng particle type coagulation assay in which a liquid 
blood or plasma spec imen is moved to an assay loca- 
tion in an assay cartridge (1) and held at that location 
daring the assay by capillary forces. A liquid specimen 
such as blood is applied to sample part (1), drawn by 
capillary farces in passageway (3) and, moved to o&- 
siy she (4). Vent port (5) is open to the atmosphere. 

first reagent layer (6) includes magnetizable particles 
dispersed in an aqueous solution of carbohydrates of 
both higher and lower molecular weights selected so as 
encourage coating of the reagent on a surface from 
solution and easy msc4obilteation of the coated mate- 
rial* Reagent layer (7) is placed on reagent layer (6) at 
assay site (4), Reagent layer (7) comprises a mixture of 
higher and lower molecular weight carbohydrates mixed 
with an aqueous thromboplastin reagent. 
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REAGENT AND METHOD OP ITS USB 
Background Of The Invention 

5 1. Field of the Invention: 

The .present invention relates to new reagent 
compositions for use in coagulation or clotting time 
assays and to improved devices for use in such assays to 
improved manufacturing processes which are made possible 
JO by the new composition. 
2. Prior Art: 

Coagulation assays have gained acceptance as an 
important tool in the management of patients being 
treated with anticoagulants. In such assays a specimen 
15 of whole blood or plasma is assayed for clotting time or 
coagulation time as an indication of the patient's 
response to a particular dosage of anticoagulant* 

Coagulation, or clotting time assays are. also often 
performed on blood or plasma- from a patient prior to a 
20 surgical procedure in order to provide medical 

professionals with information about the clotting, time of 
the blood of a patient . who is not necessarily being 
treated with anticoagulants.. 

Industry has directed much effort to designing and 
25 commercializing coagulation time assays and assay devices 
which are relatively simple to use and relatively 
inexpensive to buy and to operate. Much attention has 
been given to assay devices which use disposable slides 
or cartridges- The slides or cartridges usually contain 
30 reagents for performance of the assay and also provide a 
convenient location for reacting a specimen with the 
reagents and for monitoring the resulting reaction as a 
part of the assay. 

One such coagulation time assay device monitors 
35 changes in the flow rate of particles in a specimen as an 
indication of coagulation time. In such assay devices a 
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blodd or plasma sample is moved by capillary action 
through a pathway in a cartridge where it is mixed with a 
dry . coagulation reagent- containing thromboplastin and is 
then monitored to observe changes in flow rate. The flow 
5 rate changes may, for example, be monitored by observing 
the passage of particles, such as blood cells, past a 
beam of collimated light' which is directed across the 
passageway in the cartridge. 

Such assays and assay devices are described in, for 
10 example, U.S. Patents Number 5,140,161, 4 r 963,498, 
4,756,884, 5,164,598, 5,204,5-25 and 5144,139 and in 
European Patent Publications No, 0 397 424 A2 and 0 394 
070 Al. 

A different type of coagulation or clotting time 
15 assjay uses capillary forces in a passageway to draw a 

liquid blood or plasma specimen to a reaction site where 
it is held. The specimen solubilizes a dry reagent which 
is also in the capillary passageway and/or at: the 
reaction site. The reagent contains thromboplastin, 
20 which initiates clotting of the specimen, and. 

magnetizable particles. The particles are Oscillated in 
the liquid at the reaction site by toggling- between 
external magnetic fields which are oriented ..at an angle 
to each other to cause an oscillating magnetic field 
25 which affects the particles. As clot formation 

progresses, particle oscillation is hindered. Changes in 
the oscillation of the particles provide a detectable 
signal which can be correlated to clotting time of the 
specimen- 

30 Such assays, which' are hereinafter for convenience 

referred to as oscillating particle assays, and 
cartridges for use in such assays are described, for 
example, in U.S. Patents No* 4,849,340, and 5,110,727 and 
in PCT International Publications No. WO 92/01065 and WO 

35 89/10788. U.S. 5,110,727 describes a±r drying a 
thromboplastin reagent combined with magnetizable 
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particles in a capillary space, but indicates. that freeze 
• drying ie preferred. 

Efforts to commercialize coagulation assay devices ' 
using cartridges having, capillary, spaces, and including 
5 particulate indicator reagents have normally included 
freeze drying at least some of the reagents in the 
desired locations in the capillary spaces* . Pree2e drying 
has been preferred in the past because the heat of air 
drying, tends to denature the thromboplastin reagent," 
JO requiring the use of large amounts during the 

manufacturing process in order to obtain assay devices 
with a useful amount of active reagent remaining and 
because freeze dried materials are readily resolubilized 
during the assay. These efforts have been technically 
15 successful, although freeze drying has been found to be 
relatively slow, complex and . expensive, lending itself to 
batch processing rather than to high throughput 
continuous processing,, thus reducing the commercial 
attractiveness of such assays. There has been a need for 
20 ail innovation which avoids-' the undesirable complications 
and relatively high expense' of freeze drying and which 
■ makes -air drying of reagents for use in oscillating 
particle coagulation assays more attractive.. 

25 Summary of the Invention 

It is an object of the' present invention to overcome 
the disadvantages of the prior- art,, especially freeze 
drying of reagents in a capillary space during 
manufacturing* 

30 It is also- an object of the present invention to 

produce an air dryable reagent solution and to form it 
into a stable, dry reagent coating on a reagent device 
surface + 

■ It. ie a further object of the present invention to 
35 provide a coated, air dried reagent composition which 
simulates the solubility of freeze dried reagents* 
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It is still another object, of the present invention 
to manufacture coagulation assay devices by a continuous 
process. 

It is also an object of the present invention to 
5 make a carrier for reagents usedMn assay's which is 
coatable and which' is readily solubilized. 

These and other objects are provided by the present 
invention. 

The present invention is based on the discovery that 

10 air dryable, readily soluble reagent compositions which 
are dryable as coatings on commonly used materials, such 
as plastics and which are as readily resolubilized as 
freeze dried materials can be formed by combining the 
active reagent components with, a novel carrier mixture of 

.15 soluble carbohydrates of higher and lower molecular 

weights. The higher molecular weight carbohydrates in 
the carrier are selected to lend coating properties to 
the composition, to resist aggregating of reagent 
particles in the solution during manufacture and to 

20 optimize resolubili nation characteristics of the reagent 
layer dtiring assay performance. The lower molecular 
weight carbohydrate in the carrier is selected to 
increase the solubility of the dried reagent composition 
when contacted with a liquid specimen - 

25 The present invention is also based on the discovery 

that a system of such reagents which is applied as 
separate layers in the capillary space of an oscillating 
particle reagent device can avoid the manufacturing 
problems of the past related to the loss of 

30 thromboplastin activity during heat drying and the 

corresponding need to use a freeze drying step and to the 
batch processing inherent in freeze drying. 

In one aspect, the present invention is a solution 
which can be used to form a reagent .composition. 

35 In another aspect, the present invention is the . 

reagent composition- 
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. In yet another aspect, the invention is a system of 
• reagent compositions . 

In still another aspect,, the invention is an 
improved. assay device useful in oscillating particle 
assays . 

In a further aspect, the invention is a continuous 
manufacturing process which is enabled by the discovery. 

In another aspect, the invention is a coat able 
carrier material useful as a reagent carrier in assays 
which is readily soluble when contacted by a liquid 
specimen. 



BRIEF DESCRIPTION OF THE DRAWINGS . 
The .present invention is described below in greater 
detail and with reference to the drawings. 

PIG: 1 shows in schematic perspective view an assay 
device according to the present invention which is useful 
in performing clotting time assays* . 

FIG. 2 shows in schematic cross section a preferred 
20 embodiment the device of. FIG. 1 along line 2-2. 

FIG. 3 shows in schematic cross section another 
embodiment of a capillary device according to. the present 
invention, ' ... 

.\ 

25 DETAILED DESCRIPTION' 

This invention provides a carrier material for 
reagents. The reagents may be those which are useful in 
assays* However, the carrier materials of this invention 
will have wide applicability wherever it is desirable to 

30 have a coatable carrier which is readily resoluble. 

.This invention also provides reagent compositions 
which are useful in coagulation {clotting time) assays. 
These compositions are particularly useful in assay 
devices in which a liquid blood or plasma specimen is 

35 transported by capillary action into a cartridge which 

contains the reagent and in which the assay is performed, 
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although the reagent compositions are also useful for the 
performance of coagulation assays in cuvettes, on. slides 
and in laboratory dishes. 

Reagent compositions of this invention may be 
5 formulated to be useful in both the flow rate change, 
assays and the oscillating magnetizable particle assays 
described above, although -they have been developed 
primarily for use in the oscillating magnetizable 
particle type of assay, ' It will be immediately apparent 

10 to those of ordinary skill in the arts of assays aud of 
assay • devices thAt the present invention applies to 
assays and assay devices other than those used to 
determine clotting time- The present- invention can be 
us£d in any assay in which a reagent containing 

]5 composition is coated on a surface by drying and later 
brought back into a solution by contacting with a test 
♦ specimen ♦ Such other embodiments are intended to be 
within the scope of the appended claims, although, the 
following description focuses on the use of the invention 

20 in coagulation assays of the oscillating particle type. 
These compositions are first formed as aqueous 
solutions which can be air dried in place during 
manufacturing of assay devices. In one such solution, 
the thromboplastin and indicator reagents (magnetizable 

25 particles) used in coagulation assays are mixed in 

aqueous solution with a carrier of soluble carbohydrate 
material having both higher and lower molecular weights . 
The carbohydrate material is selected to have a higher 
molecular weight portion to provide coating 

30 characteristics to the solution as it dries. Also/ when 
the reagent comprises particulate material, such as 
magnetizable particles, the high molecular weight 
carbohydrate fraction is selected to prevent the 
particulate material from aggregating during the 

35 manufacturing process . 
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The lower molecular weight fraction is selected to 
improve the ability of the carrier to be solubilized by a 
liquid specimen but not to overwhelm the ability of the 
higher molecular weight fraction to prevent such 
5 • aggregation 

Many combinations of high and low molecular, weight 
carbohydrates will be useful as the carrier in this 
invention. Good results have been obtained when the 
carbohydrate mixture is a mixture of saccharides. In one 
10 especially useful embodiment the high molecular weight 
carbohydrates are provided by agglomerated corn syrup 
solids while the low molecular weight carbohydrates are 
provided by disaccharides, such as sucrose- The 
preferred agglomerated com syrup solids have a 
1$ carbohydrate profile of: monosaccharides 2 + 3%,. 

disaccharides 7.5%, trisaccharides 9.1%;,. t etrasaccharides 
6.8% and pentasaccharides and above (saccharides gxeater 
than pentasaccharides) 74.4%. Preferably, the 
disaccharides and the agglomerated corn syrup solids are 
20 added to an aqueous reagent solution in amounts of about 
4 grams each per 100 grams of total solution. 

The weight ratio of disaccharides to higher 
molecular weight carbohydrates in the • carrier can vary. 
If there is too little disaccharide, the reagent layer 
25 will not readily go into solution when contacted by a 
liquid specimen. If there is too great a proportion of 
disaccharide, the solution will not dry to a proper 
coating and the magnetizable particles may agglutinate. 
A preferred weight ratio of disaccharide to 
30 pentasaccharide and above has been determined by 

experimentation to be about 1:0.75 and can be obtained by 
mixing in aqueous solution substantially equal parts of 
sucrose and commercially available agglutinated corn 
syrup solids. 

35 The soluble carbohydrate materials having the 

desired mixture of molecular weights will provide a 
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carrier material which can be coated on Surfaces and 
which will readily resolubilize upon contact with a 
liquid specimen such as blood or plasma. The carrier 
material can be mixed with reagents to obtain reagent 
' 5 compositions - 

Reagent composition© according to the present 
invention are made by mixing the active reagent 
ingredients in an aqueous solution of the carrier and 
drying * 

10 Experimental work has shown that the range of both 

dieraccharides and agglomerated com syrup solids .can vary 
somewhat • from the preferred embodiment and still produce 
solutions which can be dried down to useful reagent, 
compositions. For, example, disaccharide can be added to 

15 an aqueous solution which also contains thromboplastin 

• and/or magnetizable particles in a range of from about 2 

• to about 6 per ipd g. of total solution, or suspension. 
Concentrations of di saccharides of less than about 2 g* 
per 100 g- of total solution or total suspension result 

20 in reagent layers which- are undesirably slow to 

solubilize upon, incubation with a liquid specimen while 
concentrations of greater than about € g.. per 100 g. of 
total solution produce reagent compositions which begin 
to lose their coating characteristics, 

25 The higher molecular weight saccharides 

(agglomerated com syrup solids) can be added to an 
aqueous solution in a concentration range of from about 1, 
to about 6 g. per 100 g. of total solution and still 
produce useful coatings of .reagent composition.. However, 

30 concentrations below about 1 g- per 100 g. of total 
solution will result in reagent layers which lack the 
desired coating, characteristics, and concentrations above 
about 6 g- per 100 g. of total solution will result in 
•reagent composition coatings which are undesirably slow 

35 . to go back into solution when contacted with a liquid 
specimen* 
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The com. syrup solids used in the preferred 
Embodiment are available from Grain Processing 
Corporation, Muscatine, Iowa, and are sold under the 
trade name Maltrin QD (tm) MS 00. The disaccharides are 
5 preferably sucrose . 

When reagents are being made for the oscillating 
magnetizable particle type of coagulation assays, 
magnetizable particles are added to the aqueous solution 
in an amount sufficient to give a signal which can be 
io detected in response to the oscillating magnetic field 
during the performance of an assay. The concentration 
range of magnetizable particles which is useful has been 
found to range from about o.l to about 2.0 g. per 100 g. 
of total materials before the suspension is coated onto a 
15 device surface and dried. 

Magnetizable particle concentrations of lees than . 
about 0*1 g. per 100 g. of total suspension tend not to 
be present in the final reagent layer in sufficient 
density to give a detectable signal, Although 
20 experimental work has demonstrated that about 2.0 g. of 
.magnetizable particles per 100 g« of total suspension 
will produce reagent layers which will function correctly 
in a 'coagulation assay, no ' improvement in signal has been 
noted for concentrations in excess of 0.6 g> per 100 g. 
25 of water, making 0.6 g. the preferred concentration. 

As is described in U.S. Patent 5,110,727, a variety 
of. magnetizable particles will work in the oscillating 
magnetizable particle type of coagulation assay. A 
preferred particle for use in the present invention is 
30 Fe304 having a particle size of about 0.3 micron. Other 
particles useful in the present invention are described 
in that publication, which is available to the skilled 
artisan, and will not be repeated here. 

The thromboplastin reagent may be present in the 
35 reagent composition or in the system of reagent 

compositions in any concentration which is sufficient to 
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initiate a clotting- cascade in the specimen. Typically 
this will be- from about 4.8 to about 5.0 mg (measured, a9 
total protien) /ml of - the aqueous solution before drying, 
although useful results have been obtained with reagent 
5 compositions dried from solutions having as little as 3.2 
mg/ml and as great as 6 mg/ml . (Wberever concentrations 
of thromboplastin or ratios of thromboplastin and other 
elements are mentioned in the specification and in the 
appended claims, it is understood that thromboplastin as 

10 total protien is intended) . 

The concentrations of the components in the dried 
reagent layer may vary considerably and still be within 
the scope of the invention. It has been determined by 
experimental data that/ when all of the components of a - 

15 coagulation assay are contained in a single reagent 

composition, as is shown in FIG. 3, the preferred weight 
' ratio of sucrose : agglomerated corn syrup solids : 
magnetizable particles : thromboplastin is 120 : 12 0 : 18 
: 1." However useful compositions can include sucrose and 

20 agglomerated corn syrup solids weight ratios- of from 
about 105 .to about 160; magnetizable .particle weight 
ratios of from about 12 to about 24, and thromboplastin 
weight ratios of from about 0.64 to. about 1.2* These 
ratios relate to the relative concentrations by weight of 

25 the reagents in the solutions described above and to the 
reasons for the useful ranges also mentioned above. 

In a preferred embodiment such as that shown in FIG. 
2 the reagents necessary for a coagulation assay are 
provided in the capillary space of an oscillating 

30 , particle device as a system of separate layers as. is 

Shown in FIG. 2. In such an embodiment the magnetizable 
particles are held in a first reagent layer 6 which 
normally covers substantially all of one surface of the 
capillary space while the thromboplastin reagent is held 

35 in a second reagent layer 7 which normally covers only 
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the site at which a coagulation reaction will be 
monitored. 

In such a preferred embodiment the magnetizable 
' particle reagent layer 6 -will have a concentration of 
5 particles, low molecular weight carbohydrates and high 
molecular weight carbohydrates substantially similar to 
that described above for a single layer reagent 
composition- The preferred concentration of these 
components in the reagent solution before drying into a 

10 reagent composition is about 0 . 6g particles for each 100 
g. of total suspension and about 4 g. each of 
disaccharide and pentasaccharide and above for each 100 
g. of water* In the dried, reagent composition the weight 
ratio of sucrose : agglomerated corn syrup solids and 

15 magnetizable particles is 6.66 ! 6.66 : 1. Experimental 
data has shown that useful results can be expected when 
the sucrose and agglomerated com syrup solids weight 
ratios range from about . 6 to about 9 while the 
magnetizable particles weight ratio ranges from about -66 

20 to about 1.33. 

The second part of the system of reagent layers in 
the preferred embodiment is the thromboplastin reagent 
layer 7. It can be coated on a separate surface of the 
interior of the capillary space in the assay device or it 

25 can be coated -at a selected location on the first reagent 
layer. ' K 

As described above, the thromboplastin may be 
present in any concentration which will initiate a 
coagulation reaction useful in the assay ^ Experimental 

30 analysis has shown the preferred concentration (measured 
as total protien) in the solution used to form the second 
layer is in the range of from about 4.8 to about 5-0 
• mg/ml of reagent solution. This concentration is 
achieved by mixing about 100ml of a thromboplastin- 

35 containing extract of rabbit brain powder with about . 

2.96g each of disaccharide and pentasaccharide and above, 
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as described above, to form a reagent solution and then . 
air drying ,the solution in place. 

The preferred weight ratio of sucrose : agglutinated 
corn syrup, solids ^thromboplastin (total protien) iii the 
5 second layer has been determined to be 6 : 6 .; 1. A 
useful range of weight ratios, however, has been 
determined by experimental data to be from about 4 to 
about 9 for the sucrose and tbe agglutinated com syrup 
solids and from about 0.64 to about 1.2 for the 

10 thromboplastin. 

The ranges of useful weight ratios of components in 
both layers correspond to the useful ranges of components 
in the solutions described above and to the reasons for 
the litnits to chose ranges. 

15 It will be readily apparent to the skilled artisan 

that film formers, processing aids and other such 
ingredients can be included in the reagent compositions 
of the present invention as long as they don*t interfere 
with the performance of the reagent in an assay* 

20 Referring more specifically to the drawings , FIG, 1 

shows an assay device 1 which is useful in th.e 
oscillating particle type of coagulation assay which is 
described more fully in U,S. Patents No.' 4 r 849,340 r and 
5,110/727, mentioned above. A liquid specimen such as 

25 blood or plasma ig applied to sample port 1 where it is 
drawn by capillary forces into capillary passageway 3 and 
moved to assay site 4, which is also a capillary space. 
Assay site 4 is the location at which the oscillation of 
magnetizable particles will be monitored during the 

30 assay. 

Capillary pasisageway 3 and assay site 4 are internal 
to device 1 and are indicated by dotted lines. Vent port 
S is open to the atmosphere and prevents a buildup of air 
pressure from acting against capillary flow of a liquid 
35 reagent in the capillary passageway. 
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One internal surface of the capillary space is 
. coated with first, reagent layer 6. First reagent layer S 
includes magnetizable particles which have been 
dispersed ih an aqueoue solution of carbohydrates of both 
higher and lower molecular weights and. then air dried in 
place in capillary spaces 3 and 4 of device 1. Finest 
reagent layer • 6 is described in greater detail above. 

Second reagent layer 7 is placed on first reagent 
layer. 6 substantially at assay site 4. Reagent layer 7 
is made by adding a mixture of carbohydrates of both 
higher and lower molecular weights to an aqueous 
thromboplastin reagent to form a solution and then air 
drying the solution in place* A more detailed 
description of reagent layer 7 is above. 

. The construction shown in FiG.-2 is a preferred 
embodiment* It will be readily apparent to skilled 
artisans that first reagent layer 6 could be positibned 
on any surface of the interior of capillary spaces 3 and 
4 as long as magnetizable particles are provided to 
reaction site 4 when layer 6 is resolubilized by a liquid 
specimen. Likewise , second reagent layer 7 can also be 
anywhere within capillary spaces 3 and 4, although it is 
less desirable to position layer 7 in capillary space 3 
so as to discourage the start of coagulation before it 
can- be adequately monitored at reaction site 4. 

In operation, liquid sample is applied to port 2 and 
is drawn by capillary action through capillary space 3 to 
reaction site 4 where it is held by capillary forced , As 
the liquid sample moves through capillary spaces 3 land 4, 
it will resolubiiize reagent layers S and 7 so that . 
magnetizable particles held in layer 6 are free to 
oscillate in response to an oscillating magnetic fileld 
and so that the thromboplastin held in reagent laydr 7 
begins to cause the specimen to coagulate. The 
oscillatilon of the magnetizable particles can then! be 
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monitored to determine clotting time as is described more 
fully in U\S. Patents No. 4,849,340, and 5,110,727. 

FIG, 2 shows in enlarged 1 schematic cross section 
•device 1 of 'FIG . 1 along lines 2r2 of FIG. 1. Reagent 
5 layer 6 is coated' onto the top surface 8. of device .li 

Layer S contains magnetizable particles 9 suspended in a 
dried mixture of carbohydrates of both high and low 
molecular weights 10. Layer 7 in this, particular 
embodiment is coated on layer 6. As described above, 
10 layer 7 includes a mixture of both high and low 

carbohydrates with thromboplastin in an amount sufficient 
to begin a coagulation cascade in a blood or serum 
specimen which is drawn into the capillary space at 
reaction site 4. 
35 . Although not shown, it will be apparent to the 

skilled artisan that layer 7 could also be positioned on 
lower surface 11 of capillary space 4 or even between 
layer 6 and surf ace B. 

FIG. 3 shows in schematic cross section an. 
20 alternative embodiment of the device of the present 

invention. In this embodiment the thromboplastin and the 
magnetizable particles 9 are suspended together in a 
single reagent layer 12 which is coated onto top surface 
S of device 1 « 

25 Although the embodiment of FIG* 3 is within the 

scope of the present invention and has been shown to be 
useful* - it is not preferred for two major reasons. One 
is that coating of a reagent layer including 
thromboplastin across the total capillary space (3 and 4 

30 in FIG. 1) can result in undesirably early activation of 
the coagulation cascade in the specimen before the 
specimen has reached the assay site 4 . Monitoring of the 
oscillation of the particles gives the most accurate 
results when the oscillation is observed from the 

35 beginning of the coagulation event. 
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A second reason that the embodiment of FIG. 2 is 
preferred is that the reagent layers way be applied 
sequentially and dried at different temperatures, 
ultimately requiring lees of the. thromboplastin material. 
"5. The -thromboplastin reagent is fragile at high 

temperatures,, which has been one motivation in the 'past 
to freeze dry reagent materials for use in coagulation 
assays. Air drying a reagent layer such as that shown in 
FIG. 3 requires relatively high starting concentrations 

10 of thromboplastin because some of it loses its activity 
in the heat required for drying reagent layet 12. 

The assay device of Figs. 1 and 2 is made in a 
continuous process by first applying a spacet to a 
. flexible plastic backing. The backing served as surface 

15 8 in FIGS. 2 and. 3. The spacer, contains a ciitout which 
. is substantially the shape of .capillary spaces 3 and 4 in 
FIG. 1. The magnetic particle reagent suspension 
described above is dispensed into the cutout j and air 
dried with heat at about 65° C until dried, ; In an 

20 average size cutout for use in coagulation a^eay meters 
about 3 0 microliters- of the magnetic particle, containing 
suspension is dispensed and dried into layer; 6. 
Subsequently, a small amount, normally about! 2 
microliters, of thromboplastin containing solution is 

25 dispensed on the top of layer S and air drie<& for about 
half the total drying time of first layer 6 it 
temperatures below about 55° C. to form layei: 7. After 
drying layer 6 and 7 normally have a combined thickness 
of between 10 and 20 microns. After the thromboplastin 

30 solution has been dispensed and dried openings 2 and 5 
are formed in the back and a cover is placed; over the 
spacer to form a capillary space containing the reagent 
layers. 

The embodiment of FIG. 3 has been manufactured in a 
35 similar manner but with only one dispensing Step for the 
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combined solution of ingredients and- a single drying 
step. 

It will be apparent to the skilled artisan that the 
manufacturing process may include aids' such as ■ 
5 surfactants and corona treatments to encourage coating of 
the reagent on the surface* 

The assay- devices according to -this invention, which 
are sometimes also referred- to as strips or cartridges, 
can be used to perform coagulation time assays in meter 

10 ' devices such as those* described in' U.S. Patents No. 

4, 849, 340 r and 5,110,727 and in the related, commonly 
assigned, concurrently filed copending patent 
applications: tTSSN ' titled "Analog Heater 

Control For Medical Instrument", USSN titled 

15 "Fluid Dose Flow And Coagulation Sensor For Medical 

Instrument », USSN , titled "Magnetic System 

For Medical Instrument", tTSSN ; ; titled "Power 

Supply Monitor And Control For Medical Instrument", and 
USSN • titled "Method And Apparatus For 

20 Operating A Medical Instrument", all of which are 
incorporated herein by reference, 

Examples 

Example 1 

25 Layer 6 of FIG. 2 was made as follows: • • 

In 92 g. of water dissolve 4 g. each of, sucrose and 
agglomerated corn syrup solids (M-600) . In the resulting 
solution suspend finely particulated Fe 3 0 4 by vigorous 
mixing- Vigorous mixing was maintained as 30 microliters 

30 ' of this suspension was dispensed into. a preformed cup. . 
The dispensed suspension was dried at 65° C for about 10 
minutes . 
Example Z 

Layer 7 of Fig* 2 was made as follows; 
35 0.5 g- of thromboplastin (as total protien) from 

lyophylized powder was mixed with 100 g. of water- 2.96 
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each 'of -sucrose and agglomerated corn syrup solids (M- 
600) were dissolved in the solution by mixing- About 2 
microliters of this, solution was dispensed on layer 6 
formed in Example 1 and dried at about 55° C. for 5 
5 minutes - 
Example 3 

The .structure formed by the procedures of Examples :L 
and 2 was placed in an oscillating magnetic field and 
contacted with 10 microliters of a whole blood specimen 

10 from a pipette and observed to determine how quickly j 
after contact by the liquid specimen the magnetizable 
particles began to oscillate in response to the 
oscillating magnetic field. The particles were observed! 
to begin oscillation substantially simultaneously upon j 

15 contact by the liquid specimen (within less than 0.5 
second) , 

i 
i 

. The present invention has been disclosed in the 
above teachings and drawing with sufficient clarity, and 

20 conciseness to enable one skilled in the art to make and 
use the invention/ to know the best mode for carrying out 
the invention and to distinguish it from other inventions 
and from what is old- Many variations and obvious 
adaptations of the invention will readily coxneto mind, 

25 and these are intended to be contained withinthe scope ofj 
the invention as claimed below. 
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What is claimed i£: 

l . A coatable dry reagent composition which is useful 
in coagulation time assays in which the composition is 
solubili2ed by a liquid specimen and in which coagulation 
5 time is assayed by monitoring the oscillation of 

magnetizable particles in the reagent in response to 
changes in the orientation of an oscillating magnetic 
field, the composition comprising: 

10 (a) sufficient thromboplastin to activate 

coagulation factors in the specimen; 

(b) magnetizable particles in an amount sufficient 
to cause a detectable change in reflected light when 

15 the particles are moved by an oscillating magnetic 

field; and 

(c) a carrier which comprises a mixture of soluble 
carbohydrates of at least two different molecular 
weights, there being a sufficient amount of higher 
molecular weight carbohydrates to facilitate the 
coating of the reagent on surfaces "and to resist 
agglutination of the magnetizable particles during 
manufacture and a sufficient amount of lower 
molecular weight carbohydrates to facilitate rapid 
solubilizing of the reagent upon contact with a 
liquid sample . 

2. The reagent of claim 1 wherein the mixture of 
,30 carbohydrates comprises saccharides* 

3 , The reagent of claim 2 wherein the saccharides 
include at least disaccharides and pentasaccharides and 
above . 

35 



20 



25 
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4. The reagent of claim 3 wherein the disaccharides are 
sucrose and the pentasaccharides and above are provided 
by agglomerated com syrup solids, 

5 5. >The reagent of - claim 4 wherein the weight ratio -of 
sucrose : agglomerated com Syrup solids : magnetizable 
particles : thromboplastin is within the range 105-160 : 
105-160 : 12-24 : 0.54-1.2. 

10 6 . The reagent of claim 5 wherein the weight ratio of 
sucrose : agglomerated corn syrup solids : magnetizable 
particles : thromboplastin is 120 ; 120' : 18 : 1. 

7. A coatable dry reagent system which is useful in 
15 coagulation time assays in which components of the system 
are solubilized by a liquid specimen and coagulation time 
is assayed by monitoring the oscillation of magnetizable 
particles in the reagent system in response to an 
oscillating magnetic field., the system comprising: 

20 

(a) a first dry reagent layer comprising 
magnetizable particles in an amount sufficient to 
cause a detectable change in reflected light when 
the particles are moved by changes in the 

25 orientation- of an oscillating magnetic field and a 

carrier comprising a mixture of soluble 
carbohydrates of at least two different molecular 
weights, there being a sufficient amount of higher 
molecular weight carbohydrates to facilitate the 

30 Coating of the reagent on a surface and to resist 

agglutination of the magnetizable particles during 
manufacture and a sufficient amount of lower 
molecular, weight carbohydrates to facilitate rapid 
solubilizing of the reagent upon contact with A 

35 liquid sample; and 
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(b) a second dry reagent layer comprising 
sufficient thromboplastin to activate coagulation 
factors in the specimen and a carrier comprising a 
mixture of soluble carbohydrates of at least two 
5 different molecular weights, there being a 

sufficient amount of higher molecular weight 
carbohydrates to facilitate the coating of the 
second reagent layer and a sufficient amount of 
lower molecular weight carbohydrates -to facilitate 
10 rapid solubilizing of the second reagent layer upon 

contact with a liquid sample, 

8 « The system of claim 7 wherein the mixture of 
carbohydrates in the first and second layers comprises 
15 • saccharides, 

9. The system of claim B wherein the- saccharides 
include at least disaccharidee and pentasaccharides and 
above. 

20 . . 

10. The reagent of claim 9 wherein the disaccliarides axe 
sucrose and the pentasaccharides and above are provided 
by agglomerated com syrup solids. 

25 11- The system of claim 10 wherein in the first layer - 
the weight ratio of sucrose : agglomerated corn syrup 
solids : magnetizable particles is. within the range 6-9 : 
6-9 : 0.66-1.33- 

30 12 . The system of claim 11 wherein the weight ratio of 
sucrose : agglomerated com syrup solids ; magnetizable 
particles is about 6-66 : 6.66 : 1. 

13 „ The system of claim 10 wherein in the second layer 
35 the weight ratio of sucrose : agglomerated corn syrup . 
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solids : thromboplastin is within the range 4-9 : 4-9 : 
0.64-1. 22. 

14. The system of claim 12 wherein the weight ratio of 
5 sucrose : agglomerated corn , syrup solids : thromboplastin 
is about 6:6:1. 

15* In a device which is- useful for performing a 
coagulation. time assay on a liquid specimen which 

io comprises a capillary means for transporting the. specimen 
to a reaction site within the capillary means and for 
holding the specimen at the reaction site and a dry 
reagent', also within the capillary means, which is 
soluble in the specimen and which includes magnetizable 

15 particles and thromboplastin, the device being adapted 
for placement in an oscillating magnetic field so that 
the corresponding oscillation of the magnetizable 
particles can be monitored at a location within the 
capillary space as a detectable signal which corresponds 
20 to the clotting time of the liquid specimen the 

improvement characterized in that , the reagent is the 
reagent o£ claim 1. 

. 16 * In a device which is useful for performing a 
25 coagulation time assay on a liquid specimen which 

comprises a capillary means for transporting the specimen 
to a reaction site within the capillary means and for 
holding the specimen at the reaction site and a dry 
reagent, also within the capillary means r which is 
30 soluble in the specimen and which includes magnetizable 
particles and thromboplastin, the device being adapted 
for placement in an oscillating magnetic field -so that 
the corresponding oscillation of the magnetizable 
particles can be monitored at a location within the, 
35 capillary space as a detectable signal which corresponds 
to the clotting .time of the liquid specimen the 
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improvement characterized in that the reagent is the' 
reagent system of claim 7. 

17. A liquid mixture which is capable of being air dried 
5 to form the first dry reagent layer of claim 11 
comprising: 

(a) a solution comprising water, from about 2 to 
about 6 g. of sucrose per 10 0 g. of solution and 

10 from about 1 to about 6 g. of agglomerated corn 

syrup solids per 100 g. of solution; and 

(b) from about 0.1 to about 2; o g. of magnetizable 
particles for each 100 g. of (a); 

15 

18. The solution of claim 18 wherein for each 100 g. of 
solution therd is ■about 4 g. of sucrose and about 4 g. of 
agglomerated corn syrup solids to which is added about 
0.6 g. of magnetizable particles. 

20 

19. A liquid mixture which is capable of being air dried 
to form the second reagent layer of claim '13,. the 
solution comprising : 

25 (a) a solution comprising water, from about 2 to 

about 6 g. of sucrose for each 100 g. of solution 
and from about 1 to about 6 g. of agglomerated corn 
syrup solids per 100 g. of solution; and 

30 (b) from about 0.32 to about 0.50 g, of 

thromboplastin for each 100 _ g. of (a); 

20. The solution of claim 19 wherein for each 100 g. of 
(a) there is about 2.96 g. each of sucrose and 

35 agglomerated com syrup solids and from about 0.48 to 
about 0.50 g. of thromboplastin. 
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21. A method for performing a coagulation time assay on 
a whole blood or plasma specimen, comprising: 

(a) contacting a whole blood or plasma specimen 
with the dry reagent composition of claim 1, whereby 
the composition is solubilized by the sample to form 
a reaction solution ; 

(b) subjecting the reaction solution to an 
oscillating magnetic field, and 

(c) monitoring the. oscillation of the magnetizable 
particles in the reaction solution in response, to 
the oscillating magnetic field as an indication of 
the coagulation time of the specimen. 

22. The method of claim 21 wherein the composition is 
coated onto the reaction surface in a capillary space 

20 which transports and holds the specimen in contact with 
the composition. 

23. A method for performing a coagulation time assay on 
a whole blood or plasma specimen comprising: 

25 ' 

. (a) contacting a whole blood or plasma sample with 
the dry reagent system of claim 7 thereby the system 
is solubilized by the specimen to form a reaction 
solution; 

30 

(b) subjecting the reaction solution to an 
oscillating magnetic field, and 

(c) monitoring the oscillation of the magnetizable 
35 * particles in the reaction solution in response to . 



10 
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the oscillating magnetic field as an indication of 
the coagulation time of the* specimen. 

24 . The method of claim 23 wherein the system is coated 
5 onto a reaction- surface in a capillary space which 
transports and holds the specimen in contact with the 
composition. 

25. A coatable, readily solubilized carrier material 
10 useful for assay reagents which comprises a mixture of 

soluble carbohydrates, there being a sufficient amount of 
higher molecular weight carbohydrates to give the carrier 
material coating properties and a sufficient amount of 
lower molecular weight carbohydrates to facilitate rapid 
15 solubilizing of the carrier material upon contact with a 
liquid specimen. 

26. The carrier material of claim 25 wherein the mixture 
of carbohydrates comprises saccharides; 

20 

27. The carrier material of claim 26 wherein the . 
saccharides include at least disaccharides and 
pentasaccharides and above. 

25 28. The reagent of claim 27 wherein the disaccharides 
are sucrose and the pentasaccharides and above are 
provided by agglomerated corn syrup solids . 

29. The reagent of claim 28 wherein the ration of 

30 sucrose : agglomerated com syrup solids is within the 
range 105-160 : 105-160. 

30. The reagent of claim 29 wherein the ratio of 
disaccharides to pentasaccharides and above is about l : 

35 l. 
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31. The reagent of claim 29 wherein the ratio of 
disaccharides to pentasaccharides and above is about l.o 
: 0.75, 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slAnted images 

□ coloror black and white photographs 

□ gray scale documents 

0 lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



